Control of Al corrosion is of environmental, aesthetic, economical and technical importance. Ecologically acceptable, environment friendly and readily available corrosion inhibitors are the best option for the protection of Al against corrosion. In recent years, natural products (plant extract species) show the authentic promise towards inhibition of Al corrosion with zero environmental impact. Hence, herein, we have tried a review on of corrosion inhibition property of plant products on Al in HCl medium. The present article deliberately restricts mainly to the plant extracts as non-toxic corrosion inhibitors. The present review summarizes the published research work on the use of plant extracts as green corrosion inhibitors for Al in the HCl solution. Herein, the sample preparation, extraction and techniques employed to examine the inhibition effect of plant species and respective mechanisms of inhibition are discussed. Further, in the present article, missing gap, direction of research and future considerations were also proposed.
Introduction
Corrosion of metal is defined as the deterioration of metal on the interaction with the corrosive solution. In recent times, the exploration of natural corrosion inhibitors is vastly demanded due to increasing the demand for environmental chemistry in the area of corrosion science. In current decades, the utilization of plant extracts as non-toxic corrosion inhibitors attracted great attention [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . Green plants are ideal ecofriendly candidatures to substitute the toxic corrosion inhibitors. The less environmental risk, widespread availability, high corrosion inhibition effectiveness and lower cost make green species as suitable groups to replace the toxic and expensive corrosion inhibitors. The previous report shows that, plant species such as fruit, bark, stem, root and leaf have been greatly employed as sustainable green corrosion inhibitors of various industrial important metals in different media [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] .
Aluminum (Al) is second greatest abundant metal after iron and has a specific weight (2.7 g/cm 3 ). Aluminum is an imperative metal and highly used in different human activities. Al finds remarkable industrial applications due to its unique properties such as ease of recycling, lightweight, low cost, high mechanical strength, ductility, high stiffness, standard potential value, low density, innocuousness, high electrical conductivity, high thermal conductivity and corrosion resistance. Due to these noble properties, Al is significantly used in packing, transportation, building material, electrical engineering, aerospace and household sections. The Al greatly used in manufacturing, engineering and chemical industries as a reaction vessel, pipes, machinery and chemical batteries. Al also used as material for automobiles, aviation, household appliances and electronic devices [27, . The corrosion resistance behavior of Al is due to the invisible adherent protective film generated on its surface. The natural invisible protective layer in several industries is stable in the range of pH 3-8 and blocks the Al disintegration process in such accessible conditions. HCl is a colorless inorganic chemical and significantly used in several industries to eliminate the dust and rust. The HCl solutions are used in etching, de-scaling, ore fabrication, pickling, cleaning of boilers and oil well acidification. HCl is the topmost industrial acid in oil well acidization and pickling practices. The preference of a hydrochloric acid compared to other acids for various industrial operations is due to less pickling period and better quality of the surface. Therefore, use of the HCl solution in several areas is inevitable. A hydrochloric acid solution is highly concentrated and vastly corrosive. The HCl solution dissolves the amphoteric invisible natural film in several industries and causes degradation of Al which finally deteriorates the structure of Al [53] [54] [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] . The Al undergoes a successive series of electrochemical reactions when it interacts with acidic environment:
Al (OH) 3 In addition, when Al is in direct contact with the HCl solution, restoration of the protective layer might be delayed, which leads to the generation of pits. This process takes place further and enhances the damage to the surface of Al. The dissolution of Al in a hydrochloric acid environment not only frail the Al structure, but also effects on the nation's economy. Hence, Al corrosion in the HCl solution often leads to enormous economic losses and personal injury. Therefore, the prevention of Al disintegration process is a key task for the pharmaceutical, chemical, engineering and other industries. To solve the corrosion problem, researchers and scientists used anodic protection, coatings, electroplating, hot-dip galvanization, environmental modification, cathodic protection, inhibitors, paintings and lubrication. Among these techniques, inhibitors are the best method to stop the Al corrosion process because of its low cost and great practical application in several industries. Inhibitors are the organic/inorganic/polymeric substances contain P, S, N, O and double bonds in their moieties. These are the vital adsorption centers, which means, these electron-rich elements adsorb on Al surface and generate a thick, strong film on Al surface, which participates in the prevention of Al dissolution process. Unfortunately, the use of synthetic species as a potential corrosion inhibitor is banned in industries because of costly and venomous nature. New and strict environmental rules strongly diverted the scholars' focus towards green chemicals (plant extract chemicals). A literature study cited that, many chemicals extracted from the plant species are less hurtful to nature and humans, which can act as an environmental benign inhibitor [25, [70] [71] [72] [73] [74] [75] [76] [77] [78] . Hence, in this review paper, reporting the application of green compounds as a corrosion inhibitors for aluminum in a hydrochloric acid solution. Even though several reviews have been reported the use of green products as a green corrosion inhibitor for Al in a 0.5 M HCl solution. No review paper existed on Areca plant products as a green corrosion inhibitor for Al in a 0.5 M HCl solution. Different types of Areca products contain different amounts of green chemicals at different stages. Hence, the present article also explores the collection of published research work on the topic of Areca plant extract as a corrosion inhibitor for Al in a 0.5 M HCl solution. Hence, the current review paper focuses on different types of plant products as green corrosion inhibitors for Al in HCl atmosphere. 
Application of Different Plant Products for Inhibition of Al Dissolution in the HCl Solution
Shalabi et al. [79] selected Phoenix dactylifera plant and studied corrosion protection behavior on the Al (composition in wt%: Al = 99, Si = 0.1, Fe = 0.25, Mg = 0.007, Mn = 0.047, Zn = 0.003, Cr = 0.008, Na = 0.001 and Ni = 0.004) and Al-alloy (Al = 92.482, Si = 7.030, Fe = 0.100, Mg = 0.369, Mn = 0.003, Zn = 0.003,Cr = 0.001, Na = 0.003 and Ni = 0.002) in the 0.5 M hydrochloric acid system through potentiodynamic polarization, electrochemical frequency modulation (EFM) and impedance spectroscopy technique. The P. dactylifera plant extract contains Gallic acid, Protocatechuic acid, Caffeic acid, Ferulic acid, βcarotene, Lutein, Quercetin, and Luteolin. The authors prepared inhibitor in the range of 200-1000 ppm. For electrochemical study, the authors exposed 0.2 cm 2 of Al electrode along with platinum foil and calomel electrode. Tafel plot results show that, presence of P. dactyliferaplant extract influence on the both anodic and cathodic Tafel slope values, which is an indication of control of both anodic dissolution as well as a cathodic hydrogen evolution of Al and Al-alloy in the HCl system. In impedance study, the diameter of Nyquist plots enhances with a rise in the P. dactylifera plant extract concentration is an indicative of degree of protection of Al and Al-alloy corrosion process. The circuit used for the determination of impedance results is shown in the Fig. 1 .
The Electrochemical Frequency Modulation (EFM) measurements clearly give the information of corrosion current density values without knowledge of Tafel parameters. The maximum protection efficiency obtained from the EFM technique is 87.2% on the Al and 90.3% on the Al-Si alloy in the 0.5 M the HCl solution at 20 °C. The adsorption of P. dactylifera plant extract over the Al and Al-Si alloy surface in the 0.5 M HCl solution follows the Langmuir adsorption model. Njoku et al. [80] studied the corrosion protection property of Cola nitida extract for the Al alloy (AA3003) with the dimension of 30 mm × 30 mm × 1.4 mm in the 0.1 M HCl system. Cola nitida extract mainly contains vitamin E (VIT), cyclohexanol, 2-methyl-5-(1-methylethyl)-, (1α, 2α, 5β)-(CYM), 9,12-benzenedicarboxylic acid, diethyl phthalate (DEP), caffeine (CAF), 9,12-octadecadienoic acid (9,12 OCT), and diisooctyl ester (912 BDA). Gravimetric results show that, the protection efficiency enhanced with a rise in the concentration of C. nitida extract, but efficiency decreases with a rise in the contact time. The protection rate rises from 74 to 83% at an exposure period of 72 h, which shows that, surface coverage of Al by C. nitida extract in the 0.1 M the HCl solution. Potentiodynamic polarization studies show that, C. nitida extract controls the Al corrosion current density of anodic disintegration (Al → Al 3+ + 3e) and cathodic evolution process (2H + + 2e → H 2(g) ), showing that, C. nitida extract act as a mixed Al corrosion inhibitor. Further, the introduction of C. nitida extract did not vary the Al corrosion reaction mechanism. The impedance study shows that, addition of C. nitida extract on Al in 0.1 M HCl solution varies the electrochemical processes taking at Al-01. M HCl solution. According to impedance study, C. nitida extract shows 85% protection behavior with 1200 mg/L on Al in 0.1 M HCl solution. The net adsorption of organic constituents of C. nitida extract results is well fitted to the Langmuir adsorption model slope = 1.2 and r 2 = 0.9996).
The authors also studied the quantum chemical calculations to define the adsorption and electronic properties of C. nitida extract on the Al in 0.1 M HCl solution. The trend of energy gap (ΔE) values; CAF ˂ VIT ˂ DEP ˂ 9,12-BDA ˂ 9,12-OCT ˂ CYM, which shows that CAF component greatly Fig. 1 The circuit used to fit the impedance data [79] share its electron with the Al surface in 0.1 M HCl solution, whereas CYM is low likely.
The variation in the adsorption strengths of the C. nitida extract was obtained with the help of molecular dynamics simulations (Forcite quench molecular dynamics) using MS Modeling 4.0 software. The parameters equivalent binding energy (E bind ) and molecular surface area (mol. surf) values are shown in the Fig. 2a, b . The results confirm the spontaneous and strong interaction of C. nitida extract over the Al (110) slab.
Abdelkader Khadraoui et al. [81] in 2015 reported the corrosion protection property of Thymus algeriensis extract over the Al alloy (type 2024: Cu-4.5%, Mg 1.51%, Mn 0.63%, Fe-0.17%, Zn-0.08%, Si-0.06%, Ti-0.01% and Albalance) in the 1 M HCl solution with the aid of gasometric, weight loss and electrochemical techniques. The weight loss results are tabulated in the Table 1 . Table 1 shows that, the surface coverage (θ) enhances with a rise in the concentration of the T. algeriensis extract. The Al weight loss decreases with a rise in the amounts of T. algeriensis extract to the HCl solution. This is due to adsorption of T. algeriensis extract over the Al surface in an acidic environment. Gasometric studies reveal that, presence of T. algeriensis extract blocks the evolution of hydrogen gas from the Al surface in HCl system. The newly generated layer in several industries prevents the evolution process. Activation energy (E a ) values obtained from the Arrhenius plot are 88.8 and 91.7 kJ/mol for uninhibited and protected system respectively. The high activation energy value (E a ) in the presence of T. algeriensis extract compared to the bare system attributed to physical attraction. Impedance study reveals that, the shape of the Nyquist plots is similar in the shape suggesting the geometric influence of protection mode of T. algeriensis extract. The depressed semicircle area enhanced with a concentration of T. algeriensis extract shows the strengthening of protecting film. Synergism study shows that, the rise in the protection efficiency with an increase in the concentration of KI attributed to synergistic protection between the KI and T. algeriensis for Al in the 1 M HCl solution. Shah et al. [82] studied the corrosion inhibition protection behavior of black pepper extract on Al in the HCl solution through experimental and computational techniques. The corrosion study performed in unstirred and aerated system on Al of composition; Zn-0.001%, Mg-0.005%, Cu-0.007%, Mn-0.031%, Si-0.144%, Fe-0.498%, and Al-99.2%. The extract of black pepper contains: 1-
), E-caryophyllene (6.67%); β-bisabolene (3.24%); chavicine (2.31%); 9-octadecynoic acid (5.09%); n-hexadecanoic acid (2.19%), and (Z)-6-octadecenoic acid (2.49%); 3-amino-4-piperonyl-5-pyrazolone (2.75%). Gravimetric results show that, black pepper extract exhibits 99.6% protection behavior at 0.243 g/L with immersion time of 1 h at 35 0 C. The results also show that, 0.243 g/L is the optimum concentration; further enhancement in the concentration does not cause any variation in the protection behavior, which shows the saturation adsorption phenomena. The discussion of potentiodynamic polarization study reveals that, black pepper extract effects on both cathodic and anodic reactions on the Al in the HCl solution suggesting the mixed corrosion inhibition role of black pepper extract in the HCl system. The charge transfer resistance values enhances with a rise in the black pepper extract amounts on Al in HCl system due to replacement of H 2 O molecules by black pepper extract at Al-HCl system. Quantum chemical studies reveal that, piperine present in the black pepper extract is the active compound plays vital role in the inhibition of Al in the HCl solution.
Gupta et al. [83] in 2017 studied the corrosion protection role of the Curcumine longa on Al in 1 M solution by scanning electron microscopy (SEM), quantum chemical calculations, potentiodynamic polarization impedance spectroscopy and a weight loss technique. A weight loss studies show that, the rise in the C. longa extract enhances protection efficiency and reaches to 82.4% (highest protection efficiency) with 100 ppm of extract amount. After 100 ppm of inhibitor concentration, there is no appreciable change in the protection efficiency of the corrosion inhibitor indicates that, protection property of C. longa is due to adsorption of electron-rich molecules over the Al surface, which impedes the disintegration of metal by blocking the active corrosion sites and therefore prevents the corrosion. The effect of temperature study shows that, protection efficiency of the corrosion inhibitor decreases with a rise in the solution temperature. The rise in the Al disintegration rate with solution temperature is due to desorption, rupture and etching of the corrosion inhibitor. Potentiodynamic polarization results confirm the mixed corrosion inhibition property of C. longa extract. The size of the inductive and capacitive loop increase greatly with a rise in the concentration of the C. longa extract suggesting that, impedance of protected system enhances with a rise in the inhibitor amount. SEM and quantum chemical studies obey the chemical and electrochemical results.
Anbarasia and Divyab [84] reported the corrosion inhibition property of Azwain seed extract on the Al corrosion in the 0.5 M HCl system through chemical and electrochemical results. A weight loss results show that, corrosion rate is inversely proportional where as protection efficiency is directly proportional to the extract of Azwain seed. The Al corrosion potential does not vary with any particular direction in the presence of extract of Azwain seed suggesting that, the green inhibitor reduces the both aluminum cathodic and anodic reactions by blocking the Al surface. Nyquist plots show that, the charge transfer resistance values are high and double layer capacitance values are low in the presence of extract of Azwain seed, this is due to the presence of protective layer on the Al in the 0.5 M HCl system. The temperature study shows that, the surface coverage and protection efficiency have an inverse relationship with the solution temperature. The Q ads values show the spontaneous physical adsorption process. The results are well fitted to Frumkin and Langmuir adsorption model. The scanning electron microscopy (SEM) photography confirms the generation of inhibitive layer on the metal surface in the 0.5 M HCl system. Fayomi et al. [85] reported the corrosion protection property of Lasienthera africanum extract on the Al alloy in the 0.5 M HCl system. The investigation of L. africanum as eco-friendly corrosion inhibitor was screened through a weight loss technique at two different solution temperatures namely 303 K and 313 K with contact time in between the sixty minutes and three hundred minutes. The protection efficiency is directly proportional to the concentration of the L. africanum extract. The protection efficiency is due to the adsorption of extract of L. africanum on the Al in the HCl solution. The protection efficiency is due to adsorption of L. africanum on the Al in HCl system. The R 2 values (linear correlation coefficient) are very close to one suggesting that, L. africanum extract molecules obey the Langmuir adsorption model. Adewuyi and Oderinde [86] studied the corrosion protection property of hydroxylated fatty amide extracted from the underutilized seed oil of Khaya senegalensis over the Al surface in the 0.5 M HCl system. The protection efficiency increases and the corrosion rate of Al in the studied corrosive environment [0.5 M HCl] decreases due to the adsorption of inhibitor molecules on the metal surface. Further, the protection efficiency reduces and the Al corrosion rate increases with the solution temperature due to the desorption phenomena. If the adsorption is physical attraction, then the protection efficiency is inversely proportional to the solution temperature. If the adsorption is chemical attraction, then the protection efficiency is directly proportional to the solution temperature. In current study, the adsorption of studied inhibitor on the metal surface obeys the physical adsorption. The studied inhibitor exhibits 90.43% corrosion protection property with 0.001 mg/L of inhibitor amount. The adsorption of studied inhibitor is spontaneous and it is well defined by the Langmuir adsorption. Prabakaran et al. [87] studied the corrosion protection property of an extract of Polygonatum odaratum (P. odaratum) on Al in HCl by using the mass loss technique, Tafel plots and AC impedance spectroscopy, electron dispersive X-ray spectroscopy and scanning electron microscopy (SEM) techniques. The protection efficiency of the extract of P. odaratum was studied in the solution temperature range of 303-333 K. The introduction of four different amounts of P. odoratum extract to the HCl solution decreases the Al corrosion current density, which shows that, P. odoratum extract act as a mixed type (inhibition of anodic and cathodic reaction) inhibitor on the surface of Al in the 1 M HCl system. The AC impedance spectroscopy results show that, the charge transfer resistance values enhances with an increase in the amounts of P. odoratum extract. This is due to the formation of an inhibition layer on Al surface in the 1 M HCl system. The Al specimen exposed to 1 M HCl system containing inhibitor low oxygen content and Cl − peaks are not evident on the surface of Al. This clearly shows the corrosion protection property of P. odoratum extract on Al in 1 M HCl solution. El-Azaly [88] reported the corrosion protection property of Glycine max extract on the dissolution of Al in a 1 M hydrochloric acid system. The influence of solution temperature on the Al corrosion rate with four different amounts of plant extract studied in the range of 298-318 K through a weight loss technique. The Tafel curves indicate the mixed nature of G. max extract over the Al surface in the studied acidic environment. The corrosion protection efficiency enhanced by raising the G. max extract. The adsorption obeys the Temkin adsorption model. The details of different plant extracts as a corrosion inhibitor on Al surface in HCl system is shown in Table 2 .
Areca Plant Products as a Green Corrosion Inhibitor for Al in a 0.5 M HCl Solution
Review of literature explores that, Areca nut seed extract contains rich sources of polyphenols (tannins, procyanidin B 1 , leucocyanidin, catechin, epicatechin, gallic acid, rutin, and gum), alkaloids (arecaidine Arecoline, guvacolin, arecoline, isoguvacine, and guvacine), polysaccharides and fats (Myristic acid, capric acid, lauric acid and palmitic acid).
In addition, it also contains beta-sitoserol, amino acids and gums. Areca nut husk contains protopectin, pectin, furfuraldehyde, hemicellulose, and lignin. Further, Areca leaf possessing hemicellulose, cellulose, and lignin. It is believed that, different forms of Areca (tender, mature and dry) contain different types of chemical constituent with different concentrations. In addition, Areca flower also contains flavonoids, and polyphenols The concentration of hemicellulose in mature Areca nut husk is less compared to the tender Areca nut husk and which contains a high concentration of lignin (when compared to the tender Areca nut husk [89] [90] [91] [92] [93] [94] [95] [96] [97] . Raghavendra 
(a) Preparation of Al
The authors (Raghavendra and Ishwara Bhat) in 2016 used Al (Al-63400) ( Fig. 3 ) metal with chemical composition (in weight percentage) 0.4-0.9% Mg, 0.6% Fe, 0.1% Cu, 0.1% Tl, 0.3-0.7% Si, 0.3% Mn, 0.2% Cr, 0.2% Zn, and remaining Al with 2.4 cm × 1.1 cm × 0.2 cm dimension was employed for the gravimetric (mass loss), electrochemical (Tafel plot and AC impedance), scanning electron microscopy and atomic force microscopy techniques. For Tafel plots, AC impedance spectroscopy and surface studies, 1 cm 2 of Al metal exposed and remaining portion covered by epoxy resin. The authors cleaned the Al surface with sand papers, degreased with acetone/alcohol, dried and stored in the desiccators for corrosion studies.
(b) Preparation of Inhibitor
Different green chemicals from the plant extracts can be separated by different extraction techniques. Among all techniques, The Soxhlet extraction technique (Fig. 4) is a much-uncomplicated tool for the green chemical extraction from the plant. More amounts of green chemicals can be extracted with a small amount of solvent by the Soxhlet extraction technique compared to the other extraction technique. This is vital to save time, energy and money. Hence, the authors selected a Soxhlet extraction method for the extraction of green chemicals from tender Areca nut seed, mature Areca nut seed, dry Areca nut seed, Areca fat, red Areca nut seed, Areca flower, yellow color ripe Areca nut husk, Areca leaf and green color tender Areca nut husk extract. The authors added powder/small pieces of Areca plant products are in the Soxhlet extraction chamber. The extraction was carried out by a suitable solvent. The complete extraction was successfully achieved by repeating the Soxhlet extraction operation. After that, authors cooled the [88] inhibitor, filtered by Whatman no. 1 filter paper and they stored inhibitors in the refrigerator to avoid the biological and physicochemical reactions. The detailed procedure related to the extraction of Areca plant products is shown in the Table 3 .
(c) Preparation of Corrosive Environment
The authors prepared the 0.5 M HCl solution by using the analytical grade of a hydrochloric acid from Merck by using double-distilled water.
(d) Spectral Characterization of Areca Plant Extracts
The authors determined the presence of functional groups and electron-rich species the Areca plant products by using the Fourier-transform infrared (FT-IR) spectroscopy technique (wave length range 4000-400 cm −1 ). They confirmed that, tender Areca nut seed, mature Areca nut seed, dry Areca nut seed, Areca fat, red Areca nut seed, Areca flower, yellow color ripe Areca nut husk, Areca leaf and green color tender Areca nut husk extract contain electron-rich groups which strongly adsorbed in several industries in a 0.5 M HCl solution and blocks the cathodic and anodic disintegration process. The authors also stated that, except Areca fat all other Areca plant extracts contain hydroxyl groups which are expected to be adsorbed on metal surfaces and generates thick film.
(e) Weight Loss Technique
Measuring the corrosion rate by a weight loss technique is mainly used method for the inhibition assessment.
The Al submerged in a 0.5 M HCl solution without and with inhibitors as shown in the Fig. 5 . Hence, the authors selected a weight loss technique. The authors investigated the corrosion inhibition property of tender Areca nut seed, mature Areca nut seed, dry Areca nut seed, Areca fat, red Areca nut seed, Areca flower, yellow color ripe Areca nut husk, Areca leaf and green color tender Areca nut husk extract in several industries in a 0.5 M HCl solution at five different solutions namely 303 K, 308 K, 313 K, 318 K and 323 K (with an immersion period of 1 h). In order to determine the stability of protective film (formed by the Areca plant products are) on Al surface, the authors also experimented 1, 2, 3, 4, 5, and 10 h immersion periods at 303 K.
They determined the protection efficiency of the inhibitor by using the below equation:
where, W 2 = Al weight loss in HCl solution in the absence of the Areca products and W 1 = Al weight loss in HCl solution in the presence of the Areca products. They also determined the Al corrosion rate by using the below equation:
Corrosion rate (mpy) = 534W ATD Fig. 4 The Soxhlet extraction method [98] where, A = Exposed area in sq inch, W = Al weight loss (mg), D = Al density (g cm −3 ), and T = Al contact time in a 0.5 M HCl acid solution (h). They experimented three times and average values are reported. The authors reported that, Al corrosion rate suppressed with the enhancing the Areca plant products (all ten green inhibitors) concentrations, which increases the protection efficiency of the inhibitor. This nature is due to the increase in the Areca plant product concentration reduces the Al surface area in a 0.5 M HCl solution. Higher protection efficiency of the Areca plant products is accredited due to higher plant extract constituents in several industries. The Areca plant product concentration enhances the stability of an invisible protective layer, which prevents the negative role of the HCl ions on Al surface. The authors also observed a decrease in the protection inhibition property of all the ten green inhibitors with an increase in the 0.5 M HCl solution temperature and immersion time of aluminum in a 0.5 M solution. The authors explained that, this trend or nature is due to the desorption of Areca plant products from the Al surface. The instability of the protective film enhances with a rise in time and temperature. The effect of the acid (HCl) solution temperature and time are very complex, as many variations take place on the surface of Al such as desorption and decomposition of Areca plant products and rapid etching of the green compounds. The desorption or decomposition weakness the Al-Areca plant product interaction, which leads to the drop in the corrosion 
Fig. 5
Aluminum metal without and with corrosion inhibitor [98] inhibition efficiency values. From the weight loss technique results, authors noticed that, all ten green corrosion inhibitor shows the maximum corrosion property at 1 h immersion time (303 K). The efficiency values are shown in the Table 4 . From the Table 3 , it is concluded that, tender Areca nut seed, mature Areca nut seed, dry Areca nut seed, Areca flower, and green color tender Areca nut husk extract show maximum protection property (94.4%). The authors determined the activation energy values by using Arrhenius equation. They observed that, activation energy values in the presence of Areca plant products are more compared to the blank solution (0.5 M HCl), which showing that, high energy is needed for the Al dissolution process in the presence of the Areca plant products. Therefore, the process of corrosion on Al surface in a 0.5 M HCl solution is suppressed. The adsorption isotherm is needed to understand the Al corrosion inhibition mechanism in a 0.5 M HCl solution, which gives important clues about the interaction nature between the Areca plant products-Al interface. The adsorption of green extract molecules is shown in the Fig. 6 .
In the authors' investigation, the weight loss results are best fitted to the Langmuir adsorption model (at all five different temperatures), which confirms the monolayer adsorption of Areca plant products on Al in a 0.5 M HCl solution. The authors also revealed that, all the ten green corrosion inhibitor species adsorb on Al surface by both physically and chemically.
(f) Potentiodynamic Polarization Studies
The authors used three electrodes (platinum, calomel and Al) for electrochemical studies. For all the inhibitors, they observed that, increasing in the Areca plant product concentration decreases the corrosion current density values. This is due to the formation of invisible layer on Al surface in a 0.5 M HCl solution, which is responsible for the Al corrosion inhibition process. They also stated that, increasing the polarization resistance with enhancing in the Areca plant product concentration is a hint of high degree protection to the surface of the Al in acid solution. Among the studied ten inhibitors, no inhibitor shows the difference in the corrosion potential value more than 85 mV, hence all the green compounds are classified into mixed corrosion inhibitor (which suppresses the both cathodic and anodic reactions) and they also stated that, there is no significant variation in the cathodic and anodic Tafel slope values. Hence, all the green compounds exhibit the mixed corrosion inhibition property on the Al in a 0.5 M HCl solution. 
Fig. 6
Schematic representation of adsorption of green extract molecules [98] The authors calculated the protection efficiency of the green inhibitors by the following equation:
where, i' corr = corrosion current density in the presence of Areca plant products and i corr = corrosion current density in the absence of Areca plant products. Table 5 shows the maximum corrosion property of Areca plant products at 303 K by Tafel studies.
(g) Impedance Spectroscopy
The authors used a Nyquist plot to determine the charge transfer phenomena. The protection efficiency obtained from the R (QR(QR) model, which is shown in the Fig. 7 .
For all the investigated inhibitors, they observed that, the area of the depressed semi-circle in the presence of Areca plant product are more compared to the bare system, which clearly hints of corrosion inhibition property of Areca plant products on an Al surface in a 0.5 M HCl by surface
coverage phenomena. Presence of Areca plant products suppresses the local dielectric constant and enhances the electrical double layer thickness, which reduces the direct contact of Al with the 0.5 M HCl solution. Hence, Al dissolution process decreases.
(h) Atomic Force Microscopy
The authors used atomic force microscopy (Nanosurf Easy-scan2) to determine the Al surface topography in the 0.5 M HCl solution without and with optimum concentration of Areca plant products. The authors stated that, without Areca plant products, the Al surface severely damaged which leads to the cavity in several industries. But, in the case of inhibited systems (in the presence of Areca plant products) the Al surface became smooth and cavities are filled by Areca plant products (Fig. 8a, b ). This is true for all the examined inhibitors. The decrease in the roughness value in the presence of Areca plant product also supports the corrosion inhibition property of Areca plant products. The detailed roughness value is shown in the Table 6 .
(i) Future Considerations 1. The studied plant products are applied to zinc, carbon steel and brass metals in order to investigate their corrosion inhibition role.
Corrosion inhibition property of plant products is car-
ried out in phosphoric, sodium chloride, and nitric acid media. 3. The individual green chemicals present in the plant product can be extracted to examine their inhibition property. 4. The plant products can be used in electroplating sections as green corrosion inhibitors. 5. Build information to the people in the society to make apply of plant products are as green corrosion inhibitor for the industrial metal in their own industrial sections.
Conclusion
Reviews on green inhibitors were recapitulated here and important topics studied in those reviewers were highlighted. The following conclusion can be drawn from this review article,
• Researchers have obligatory awareness of metal corrosion issues and their control. • Variety of green corrosion inhibitors were profitably identified and effective research is under progress. • Commercial applications of Dry Areca nut seed, Areca fat, Red Areca nut seed, Areca flower, Yellow color . 7 The circuit used in electrochemical (AC impedance spectroscopy) result analysis [98] ripe Areca nut husk, Areca leaf and Green color tender Areca nut husk in chemical, pharmaceutical and engineering sections not yet been tinted. • Proposal regarding the mechanism of aluminum corrosion inhibition for green compounds has not been studied properly. • Development of green sensors and green nano corrosion inhibitors are important points to the original area of the research of corrosion inhibitors. 
